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Abstract
Chrysanthemum is one of the most popular perennial ornamental plants in Turkey. In this greenhouse 
study, fresh (unweathered) and exhausted (weathered 2 years) mushroom compost have been used as organic 
substrates for cultivation of Chrysanthemum (Chrysanthemum morifolium ‘Vista’). In this context, 13 different 
mixtures composed of mushroom compost; fresh or exhausted, peat (organic soil) and perlite were tested. Each 
mixture was tested ive replicates in completely randomized designed and the effects of mentioned 13 mixtures 
on nutrients determined in the end of the trial were compared. All mixtures were tested for some physical and 
chemical characteristics (nitrogen, phosphorus, potassium, calcium, magnesium, sodium, iron, zinc, manganese 
and copper). Overall results indicated that 12.5 % fresh mushroom compost and 25 % exhausted mushroom 
compost were the best ratios for cultivation of chrysanthemum.
Keywords: Crysanthemum, growth parameters, growth substrates, fresh mushroom compost, 
exhausted mushroom compost
INTRODUCTION
In the world and in Turkey; each year 
signi icant amount of waste is generated from 
agricultural activities as well as factories which 
processing various agricultural products. These 
mentioned wastes are mostly accumulated at huge 
amounts and sometimes covering large areas in 
the business ield of the factories and even can 
prevent proper factory operation. In Turkey, there 
are various companies producing mushroom 
in different regions. Today, resulted from the 
growing consumer demands, increasing number 
of mushroom farms and their capacities have been 
producing 7000-10.000 ton of spent mushroom 
compost per month or year (Özgüven, 1998). 
Organic materials like horse manure, poultry 
manure, wheat-rye-paddy stems, shredded corn 
stem and corncobs, cotton seed pulp, syrup, bran 
are used for preparing compost and inorganic ma-
terials like nitrogen fertilizers, calcium carbonate, 
and calcium sulphate are also added to that 
compost (Erkel, 1993).
Large amounts of spent compost are gene-
rated after mushroom harvesting. Because of its 
high organic material content and rich mineral 
composition, spent mushroom compost has 
capacity for major positive contribution to the 
improvement of the physical properties of soils 
and plant nutrition. Furthermore some studies 
have indicated that it can be used as a growth 
substrates (Male, 1981; Wang et al., 1984; Robbins 
et al., 1986; Maher, 1991; Özgüven, 1998; Wuest, 
1991; Chong et al., 1994; Kütük, 2000; Çiçek, 2004). 
Peat is the most preferred material as a growth 
substrate in the ornamental plant production. 
But the high cost of the peat is forcing the farmers 
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solution which was recommended by Sannoveld 
and Straver (1992) was applied to chrysanthemum 
seedlings.
Bulk density, volumetric water and water 
buffering capacity of growth substrates were 
determined according to De Boodt et al. (1972), 
while aeration capacity and available water 
content were determined according to De Boodt 
and Verdonck (1973). Organic material was 
determined according to DIN 11542 (1978), 
reaction (pH) and electrical conductivity (EC) 
were determined according to Gabriels and 
Verdonck (1992) and the last cation exchange 
capacity (CEC) were determined according to 
U.S. Salinity Lab. Staff (1954). Total nitrogen was 
determined according to Bremner (1982) while 
total phosphorus and potassium were calculated 
according to Kacar (1972). Water soluble ammo-
nium, nitrate, phosphorus, potassium, calcium, 
magnesium, sodium, iron, cupper, manganese and 
zinc were determined according to Kirven (1986). 
All leaf samples harvested from chrysanthemum 
were prepared according to Kacar (1972) while 
total nitrogen was determined with Kjeldahl 
method and total phosphorus, potassium, calcium, 
magnesium, sodium, iron, zinc, manganese and 
copper were also determined according to Kacar 
(1972).
RESULTS AND DISCUSSION
Some physical and chemical analyses of the 
materials used as growth substrates were given 
to search for new and more economical and lo-
cal solutions. The low cost of spent mushroom 
compost, and its availability in large quantities 
has made this product more attractive for farmers 
those of big producers of vegetables, fruits and 
ornamental plants.
Since, reasons of this are blossoming in 
autumn, remaining bloomy for a long time, 
existence of its different alternatives. Furthermore, 
it has facility of using inside, because small bloomy 
forms of chrysanthemum can be grown in pots.
In this study was evaluated the nutrient status 
of chrysanthemum plant cultivated in substrates 
containing fresh and exhausted mushroom com-
post.
MATERIALS AND METHODS
Fresh mushroom compost was gathered just 
after the end of the mushroom harvest while the 
exhausted mushroom compost was collected from 
the samples in the storage area piles waiting for 2 
years. Samples were dried at room temperature till 
the moisture level decreased to app. 25 % and then 
sterilized with 1.5 % formaldehyde after sifting 
with 6.35 mm mesh. Sifted fresh and exhausted 
mushroom compost were volumetrically (v/v) 
mixed with peat and perlite at different proportions 
and used for preparing the growth substrates 
(Tab. 1). At greenhouse pot experiment, seedlings 
of Chrysanthemum morifolium ‘Vista’ were used. 
Each Chrysanthemum seedling was planted 
into 1 L pots with drainage gaps. Plant nutrient 
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Tab. 1. Plant growth substrates ratios
Substrates Contents     Abbreviations
1  100 % Peat (control)  100 % P
2  12.5 % Fresh MC + 87.5 % Peat  12.5 % FMC + 87.5 % P
3  25 % Fresh MC + 75 % Peat  25 % FMC + 75 % P
4  50 % Fresh MC + 50 % Peat  50 % FMC + 50 % P
5  12.5 % Fresh MC + 25 % Perlite + 62.5 % Peat  12.5 % FMC + 25 % Perlite + 62.5 % P
6  25 % Fresh MC + 25 % Perlite + 50 % Peat  25 % FMC + 25 % Perlite + 50 % P
7  50 % Fresh MC + 25 % Perlite + 25 % Peat  50 % FMC + 25 % Perlite + 25 % P
8  12.5 % Exhausted MC + 87.5 % Peat  12.5 % EMC + 87.5 % P
9  25 % Exhausted MC + 75 % Peat  25 % EMC + 75 % P
10  50 % Exhausted MC + 50 % Peat  50 % EMC + 50 % P 
11  12.5 % Exhausted MC+ 25 % Perlite + 62.5 % Peat  12.5 % EMC + 25 % Perlite + 62.5 % P
12  25 % Exhausted MC + 25 % Perlite + 50 % Peat  25 % EMC + 25 % Perlite + 50 % P
13  50 % Exhausted MC + 25 % Perlite + 25 % Peat  50 % EMC + 25 % Perlite + 25 % P
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20 % - 30 %, and the water buffering capacity between 
5 % - 7 % (De Boodt and Verdonck, 1972).As expected, 
organic material in general have lower aeration 
capacity, therefore they have good water content 
levels and water buffering capacity. All materials 
had organic matter values varied between 45.50-
92.50 %. Naturally, peat has higher organic matter 
content than all materials. Chemical and physical 
properties of organic materials vary depending on 
the degree of decomposition, material origin and 
environmental chemistry (Çaycı, 1989).
Effect of growth substrates for nitrogen, 
potassium and sodium contents of the plants were 
statistically non-signi icant but for the phosphorus, 
calcium, magnesium, iron , manganese, zinc and 
in table 2 and table 3. Generally, bulk density of 
the materials used in the growth substrates is low. 
The peat has the lowest bulk density value. Bulk 
density of the exhausted mushroom compost is 
higher than the fresh mushroom compost. The 
bulk density of the exhausted mushroom compost was 
lower than the fresh compost due to its smaller particle 
diameter as a result of mineralization process in nature. 
Aeration capacity of the materials used in the growth 
substrates varies between 13.33 % - 27.62 %, available 
water content is between 21.07 % - 32.66 % and the 
water buffering capacity changes between 5.42 % - 6.73 
%. In order to support optimum growth of the plant 
aeration capacity of the substrates is expected to be 
between 20 % - 25 %, available water content between 
Tab. 2. Some physical properties of materials used as growth substrates
Properties Peat FMC EMC










pF 0 88.59 92.26 84.35
pF 1 70.40 68.45 71.02
pF1.7 37.73 44.49 49.95
pF 2 32.31 38.81 33.22
H=10cm Aeration Capacity, % 18.19 27.62 13.33
Available Water Content, % 32.66 23.96 21.07
Water Buffering Capacity, % 5.42 5.68 6.73
Tab. 3. Some chemical properties of materials used as growth substrates
Properties Peat FMC EMC
Organic matter, % 92.50 65.65 45.50
CEC, me/100g 135.06 47.14 52.49








NH4-N, ppm 0.73 78.07 12.22
NA3-N, ppm 5.75 332.45 54.12
P, ppm 5.49 4.36 4.36
K, ppm 51.00 7322.00 102.00
Ca, ppm 178.00 1119.00 754.00
Mg, ppm 56.00 892.00 450.00
Na, ppm 18.00 32.00 26.00
Fe, ppm 0.07 3.49 1.57
Zn, ppm 1.30 3.84 2.04
Mn, ppm 0.46 5.76 1.57
Cu, ppm 0.17 2.28 2.85
pH 6.00 6.40 7.08
EC, dS/m 0.50 9.52 5.69
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compounds could affect uptake of plant nutrient. 
In another study performed by Chong et al. (1991) 
resulted increasing rate of the spent mushroom 
compost in a substrate also increased the N, P and 
K quantity in the plant but this trend is not same 
for all the plants. Generally a limit value is not 
stated for Na content for the ornamental plants. 
However, Na content of the plants could be mostly 
vary between 0.004 % - 2.00 % (Bergman, 1992).
The effect of the different growing substrates 
over the Ca content of the chrysanthemum plant 
were different and the highest calcium content 
was 2.57 % in the 50 % EMC + 50 % peat and also 
12.5 % EMC + 25 % perlite + 62.5 % peat  mixtures 
while the lowest was in the 100 % peat  substrates 
with a rate of 1.81 % (Table 4). It was observed 
that the Ca content was higher in the plants grown 
in the fresh or exhausted mushroom content 
substrates than the plants grown in the control 
substrate. This could be caused by the properties 
of fresh or exhausted mushroom compost while 
adding Ca containing materials like lime, dolomite 
or gypsum in the mushroom compost in the 
pretreatment stage. Guo et al. (2001) stated there 
were high levels of Ca in the spent mushroom 
compost. Chong et al. (1991) determined that the 
Ca level in a plant increased depending upon the 
spent mushroom compost applications. Jones et al. 
copper content were found statistically signi icant 
(Tab. 4).
Growth substrates had important effects on 
the P content of the plants and highest P content 
was calculated as 1.09 % in 25 % EMC + perlite + 
50 % peat substrate, while the lowest was in 50 % 
FMC + 50 % peat substrate with only 0.66 % (Tab. 
4). P content of the plants were found at levels 
of between 0.23 % - 0.70 % which was accepted 
as suf icient by Jones et al. (1991) or a little over 
these values. However the plants utilized P at 
different levels and gained different P rate in 
their structures. This situation could be caused 
by different physical and chemical properties 
(Tab. 2 and 3) of the materials used for preparing 
the growth substrates. In the beginning of the 
experiment, especially the specially mixed growth 
substrates indicated different pH and EC values 
(Tab. 3) which could cause the plants to utilize 
P at different levels. Kütük (2000) explained the 
differentiation of the nutrients in the codiaeum 
plants which had been grown in the substrates 
prepared with spent mushroom compost and 
spent tea compost by having different physical-
chemical properties and the antagonistic-
synergistics interactions between the nutrients. 
Kütük et al. (1998) was indicated low 
aeration capacity, high pH and some organic toxic 
Tab. 4. The effect of growth substrates over the nutrients of chrysanthemum plant
Growth substrates     Total N          %
Total P           Total K      Total Na     Total Ca 
    % %              ppm            %
100 % P      4.04 n.s. 1.07 A 6.36 n.s. 695 n.s. 1.81 E
12.5 % FMC + 87.5 % P 3.90 0.79 CD 7.14 513 2.01 CDE
25 % FMC + 75 % P 3.84 0.87 BC 6.81 581 1.86 DE
50 % FMC + 50 % P 3.62 0.66 D 6.55 739 2.48 AB
12.5 % FMC + 25 % Perlite + 62.5 % P 3.98 0.80 CD 6.68 705 2.07 BCD
25 % FMC + 25 % Perlite + 50 % P 3.83 0.79 CD 7.27 607 2.31 ABC
50 % FMC + 25 % Perlite + 25 % P 3.75 0.84 BCD 7.20 597 2.44 AB
12.5 % EMC + 87.5 % P 3.71 0.93 ABC 6.82 784 2.25 ABCD
25 % EMC + 75 % P 3.91 0.95 ABC 6.70 619 2.19 ABCDE
50 % EMC + 50 % P 3.81 0.93 ABC 6.83 526 2.57 A
12.5 % EMC + 25 % Perlite + 62.5 % P 3.80 1.07 A 7.05 614 2.57 A
25 % EMC + 25 % Perlite + 50 % P 3.91 1.09 A 6.75 599 2.26 ABCD
50 % EMC + 25 % Perlite + 25 % P 3.84 1.00 A 7.20 579 2.34 ABC
ns: non-signi icant, *p<0.01
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was in the plants grown in the 25 % EMC + 25 
% perlite + 50 % peat substrate with  81 ppm. 
(Tab. 5). This could be caused of the properties of 
fresh and exhausted mushroom compost (Table 1 
and 2). While the Mn content in the plants were 
at different levels, the plants grown in the fresh 
mushroom compost containing substrates had 
generally higher levels. In a research performed 
by Chong et al. (1991) with 8 different ornamental 
plants showed similar results which Mn level 
increased relatively to the rate of spent mushroom 
compost in the substrate. When compared with 
the limit values stated by Jones et al. (1991), Mn 
level was suf icient in the chrysanthemum plants 
with a value of between 50 ppm-250 ppm.
Effect of the different growth substrates to the 
Zn content of the chrysanthemum plant were also 
different and the highest Zn content was in the 50 
% FMC + 25 % perlite + 25 % peat substrate with 
a value of 224 ppm and the lowest Zn content was 
determined with a value of 48.97 ppm in the plants 
grown in the substrates consisted of 12.5 % FMC + 
25 % perlite + 62.5 % peat (Tab. 5). It was thought 
that this situation could be caused by the different 
pH and EC values of the substrates. Zn content of 
the plants was found between 20 -250 ppm ranges 
which could be accepted as a suf icient level by 
Jones et al. (1991). However the plants used the Zn 
at different levels and gained different Zn quantity 
to their structures.
CONCLUSION
When the plant nutrients of the chrysanthe-
mum was analyzed, plants’ applications were 
not affected at important levels from the N, K 
and Na contents while they were effected from 
the contents of P, Ca, Mg, Fe, Mn and Zn. When 
compared with the plants grown in control 
substrate; P was found at similar levels in the 
plants which grown in substrates consisting of 
exhausted mushroom compost, but on the other 
hand, P level was decreasing in the plants grown 
in the substrates containing high fresh mushroom 
compost. So when mushroom compost is used 
as a growth substrate, P should be aware of. On 
the other hand, if fresh or exhausted mushroom 
compost is used in the substrates which 
chrysanthemum plant was grown; the Ca and Mg 
level was found higher than the control substrate 
but it is an important indication that this does 
not cause any problems. Cu, Mn and Zn content 
(1991) states the Ca values for the chrysanthemum 
plants as 0.90 % - 1.01 % “low”, 1.20 % – 2.50 % 
“suf icient” and  >2.50 % as “high”. According to 
this data, plants were nurtured with enough level 
Ca.
Effect of different growth substrates over chry-
san themum plants Mg content were differential 
and highest Mg content had a ratio of 1.01 % in 
50 % EMC + 25 % perlite + 25 % peat substrate 
while the lowest Mg content was 0.84 % in 25 % 
FMC + 75 % peat substrate (Tab. 5). In a research 
by Chong et al. (1991) resulted Mg content in the 
plant was increased with the proportion of the 
spent mushroom content in the substrate. Jones 
et al. (1991) stated that suf icient Mg level for the 
chrysanthemum plant was between 0.25 % - 1.00 
%. In terms of these values, it is possible to say the 
Mg contents of the plants are enough.
Effects of the different growth substrates on 
the Fe content of the chrysanthemum plant was 
also different and highest Fe content was with a 
value of 701.86 ppm in 50 % EMC + 50 % peat 
substrate while the lowest Fe content was in 50 
% FMC + 50 % peat substrate with 305.50 ppm 
(Tab. 5) At higher pH values, available of Fe was 
limited (Kacar and Katkat, 1998) or low aeration 
capacity of exhausted mushroom compost could 
be cause this. Kacar and Katkat (1998) stated that 
in poor aeration conditions reduction of Fe caused 
an increase in solubility. For chrysanthemum plant 
50 ppm – 250 ppm Fe was accepted as a suf icient 
level (Jones et al., 1991). According to the obtained 
values it was observed that Fe level is high in the 
plants.
Different growth substrates effected the Cu 
content of the chrysanthemum plant different 
and the highest Cu content was 17.20 ppm in the 
plants grown in 100 % peat  substrate while the 
lowest Cu content was in 25 % FMC + 25 % perlite 
+ 50 % peat substrate (Tab. 5). Jones et al. (1991) 
stated limit values of Cu in the chrysanthemum 
plant if between 4-5 ppm is “insuf icient”, 6-30 
ppm “suf icient” and if >30 ppm it is “over 
content”. According to this data it was understood 
that the Cu content of the plants were at normal 
values. Hicklenton (2004) stated spent application 
increases the Cu content of the plants.
Statistically signi icant was recognized in the 
Mn content of the chrysanthemum plant and the 
highest Mn content was 136 ppm in 50 % FMC + 
50 % peat substrate while the lowest Mn content 
Response of Chrysanthemum (Chrysanthemum morifolium) to Fresh and Exhausted Mushroom
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